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OTTER BROOK LAKE PROJECT
DAM-BREAK FLOOD ANALYSIS

1, INTRODUCTION AND PURPOSE

This report presents the findings of a dam-break
flood analysis performed for the Otter Brook Dam, an
existing Corps of Engineers flood control project, which
is located at Keene, New Hampshire on Otter Brook, the
principal tributary of the Branch River, which in turn is
a tributary of the Ashuelot River. The dam site is situ-
ated 4.9 miles above the confluence of the Branch with
the Ashuelot River and about 31 miles upstream from the
Ashuelot River's confluence with the Connecticut River at
Hinsdale, New Hampshire., 1Included in the report are a
description of the pertinent features of the dam, the
procedure used for the analysis, the assumed dam-break
conditions and resulting effect on downstream flooded
areas, and the effects of varying conditions (sensitivity
tests) on the resulting downstream flood. This study was
not performed because of any known likelihood of a dam-
break at Otter Brook Dam. Its only purpose was to pro-
vide quantitative information for emergency planning use
in accordance with Corps of Engineers Regulations (ER
1130-2-419).

2. PROCEDURE

The Otter Brook dam-break analysis was made using the
"National Weather Service Dam-Break Flood Forecasting
Computer Model", developed by D, L. Fread, Research Hy-
drologist, Office of Hydrology, National Weather Service,
NOAA, Silver Spring, Maryland 20910. Input to the model
consisted of: (a) storage characteristics of the reser-
voir, (b) selected geometry and duration .of the breach
development, and (c) hydraulic characteristics of the
downstream river channel including tributary inflows,
hydraulic roughness coefficients, and active and inactive
flow regions. Based on the input data, the model com-
putes the dam-break outflow hydrograph and routes it
downstream. Dynamic unsteady flow routing is performed
by a "honing" iterative process governed by the require-
ments of both the principles of conservation of mass and
momentum. The analysis provides output on the attenu-
ation of the flood hydrograph, resulting flood stages,
and timing of the flood wave as it progresses downstream.



The approach used in this hypothetical dam-break
analysis was to first apply the model using a selected
set of conditions thought to be reasonably possible in a
failure situation. The flood wave resulting from this
analysis is termed the Base Flood condition. Because any
one of the major variables used in the model (initial
pool elevation, antecedent riverflow, time of breach de-
velopment, etc.) could in fact have different values or
occur in different combinations from those used in the
Base Flood determination, sensitivity analyses were
employed to determine the effects that changed values of
these parameters have upon the resulting flood wave.

Calibration of the model was accomplished by com-
paring computed stage-discharge relationships with those
known to exist at various locations along the river reach
being modeled (i.e., at dams, streamflow gages, high
watermarks, etc.).

3. DESCRIPTION OF STUDY AREA

a. General. The study area extends from Otter Brook
Dam, downstream along Ottexr Brook, the Branch River and
the Ashuelot River to the Connecticut River, a distance
of 31 river miles. Along the study reach, the drainage
area increases from 47 square miles at Otter Brook Dam to
421 square miles at the mouth of the Ashuelot River.
Major tributaries in the Ashuelot River basin include the
Branch and South Branch Ashuelot Rivers. In addition to
Otter Brook Dam, another Corps flocod control project,
Surry Mountain Dam, is located on the Ashuelot River five
miles upstream from Keene, New Hampshire, Both provide
flood protection for the local communities along the
Ashuelot and desynchronize floodflows on the Connecticut
River. Both are sources of water-based recreational
facilities. A map of the Ashuelot River basin is shown
on plate 1 and a map showing the relationship of the
Ashuelot River projects to the Connecticut River basin is
provided on plate 2.

b. Otter Brook Dam, This dam, constructed in the
city of Keene, New Hampshire by the Corps of Engineers as
a single~purpose flcod control project, was placed in
operation in April 1958. Later, recreational activities
were included as part of the reservoir management pro-
gram. The project is 1 of 2 flood control reservoirs in
the Ashuelot River basin and 1 of 16 flood control reser-
volrs within the Connecticut River basin which were built




by the Corps of Engineers. Otter Brook Dam is a rolled
earth embankment structure, 1,288 feet in length and has
a maximum height of 133 feet. Top width of the dam is 25
feet and the side slopes are 1v on 2.5H. A photo, gen-
eral plan and cross section through the outlet works are
shown on plates 3, 4 and 5. When filled to spillway
crest elevation, the reservoir has a flood contrel ca-
pacity of 17,680 acre-feet, which is equivalent to 7.0
inches of runoff from the 47-square mile upstream drain-
age area, The reservoir length formed by this 274 acre
pool is about 2.3 miles. Other pertinent data are listed
in table 1.

¢c. Downstream valley. Otter Brook joins Minnewawa
Brook about 2.4 miles downstream from Otter Brook Dam to
form the Branch River. The Branch jcins the Ashuelot
River just downstream from its confluence with Beaver
Brook and nearly 5 miles downstream from the dam. The
Ashuelot River travels through three communities, Keene,
Swanzey and Winchester, in downstream order, prior to
reaching the Connecticut at Hinsdale. Through this
reach, the river normally ranges from 50 to 100 feet in
width. The flood plain is generally less than 1,000 feet
in width except for the reach about 7 miles before
Dickinson Dam, which is as wide as 13,000 feet,

The channel of Otter Brook and the Branch is steep
and conducive to rapid runcff, falling about 210 feet in
the first 5 miles downstream from Otter Brook Dam, with
an average gradient of 53 feet/mile. An unnamed dam at
river mile 3.5 is breached at elevation 499.8 feet, NGVD.
This structure would have no effect on the dam failure
flood wave levels and was therefore ignored.

Between river miles 5 and 9 the Ashuelot River chan-
nel meanders with a relatively small channel cross sec-
tional area and significantly flatter gradient forming
the Keene flood plain, the most predominant feature of
the Ashuelot River watershed. Average gradient in this
area is about 2.5 feet/ mile, Additionally, inflows from
Ash Swamp Brook and the South Branch Ashuelot River con-
tribute to discharges on the Ashuelot River in the Keene
flood plain area. Incoming floodwaters are ponded in the
flood plain, attenuating resultant flows downstream.



Location:

Drainage Area:

Reservoir:

Dam:

Sgillwaz:

OQutlet Works:

TABLE 1

OTTER BROOK LAKE PROJECT

PERTINENT DATA

Otter Brook, Keene, New Hampshire
47 square miles

Qutlet Works Intake

{Invert) 683 feet NGVD
Recreation Pool ' 701 feet NGVD
FPlood Control Pool
(Spillway Crest) 781 feet NGVD
Type Rolled earxrth fill
Length 1288 feet
Top Width . 25 feet
Top Elevation 802 feet NGVD
Maximum Height 133 feet
Type Uncontrolled, ogee
- weir, chute spillway
Length 145 feet
Crest Elevation 781 feet NGVD
Surcharge 17.3 feet
Capacity 40,000 cfs
Type Boston horseshoe-
shaped conduit
Length 589 feet
Gates Hydraulic Slide
Number 3
Size 2'6" x 4'6"

Normal Regulated

Maximum Discharge 600 cfs
Maximum Capac-

ity at Spill-

way Crest 1,320 cfs



The average Ashuelot River gradient remains about 2.5
feet/mile until river mile 24.2 where the invert drops
245 feet in the last 5.3 miles for an average slope of 46
feet/mile to the Connecticut River, The Connecticut
River from the Ashuelot River to Turners Falls Dam in
Turners Falls, Massachusetts is much flatter with an
average slope of about 2 feet/mile., Turners Falls Dam
and the adjacent French King Gorge create a backwater
effect which extends upstream into the Ashuelot River and
controls stages at its lower end, below the Hinsdale and
Fiske Paper Company Dam.

Otter Brook, the Branch River and the Ashuelot River
are crossed by numerous state highways, railroad lines
and local roads. These c¢rossings are indicated on plan
and profile sheets 1 through 3 (plates 6 through 8).
Following is a brief description of the downstream dams
in their order of appearance:

(1) Dickinson Dam {also known as the Homestead
Woolen Mill Dam). Located about 12.5 miles downstream
from Otter Brook Dam, in Swanzey, New Hampshire, this
wooden crib structure has a length of about 170 feet.
With a height of about 16 feet, it has a maximum im-
pounding capacity of about 700 acre-feet., Maximum dis-
charge over the 160-foot long uncontrolled spillway 1is
approximately 7,500 cfs. The upstream drainage area of
312 sguare miles includes the vast Keene flood plain
area.

(2) New England Box Company Dam. With an up-
stream drainage area of 355 square miles, this dam,
located in Winchester, New Hampshire, about 22.5 miles
downstream from Otter Brook Dam, has a c¢rest length of
approximately 100 feet. With a height of 8 feet, it has
a maximum impounding capacity of 75 acre-feet.

{(3) Public Service Company Dam {also known as
Upper Robertson Dam), This dam, existing in a partially
breached condition, is located about 26.2 miles down-
stream from Otter Brook Dam, in Winchester, New Hamp-~
shire, The drainage area is about 393 square miles and
the dam height is about 5 feet.

(4) Public Service Company Dam (also known as
Robertson Dam). This rock-filled timber crib dam located
in Winchester, New Hampshire, about 26.8 miles downstream
from Otter Brook Dam, has an overall length of 150 feet




and maximum height of 17 feet, The overflow section is
about 100 feet long and about 12 feet above the down-
stream channel invert. The upstream drainage area is
about 406 square miles., Spillway capacity with the water
surface at top of dam is approximately 5,300 cfs. Top of
dam and spillway crest are at about elevations 388 and
383 feet NGVD, respectively., Maximum storage at top of
dam is 112 acre-feet,

(5) Ashuelot Paper Company Dam. Located about
27.5 miles downstream from Otter Brook, in Winchester,
New Hampshire, this rock-filled timber crib overflow dam
has a length of about 120 feet and height about 10 feet
above downstream river bottom. Maximum storage capacity
is 220 acre-feet and the drainage area at the dam is 410
square miles,

(6) Canal Company Dam. This dam is located in
Hinsdale, New Hampshire about 28.4 miles downstream from
Otter Brook Dam. It has a spillway crest about 8 feet
above the downstream river channel invert.

(7) Hinsdale and Fiske Paper Company Dam, Situ-
ated about 29.2 miles downstream from Otter Brook Dam
with an upstream drainage area of 412 square miles, this
dam has a maximum height of about 15 feet. Maximum stor-
age capacity is 100 acre-feet at top of dam. With a
crest length of about 165 feet, the maximum spillway
capacity is 6,500 cfs with the water surface at top of
dam.

(8) Turners Falls Dam, This dam is located in
Turners Falls, Massachusetts on the Connecticut River
about 18 miles downstream from the confluence with the
Ashuelot River. Used for hydroelectric generation,
backwater from this dam and the adjacent French King
Gerge contrel stages in the lower reach of the Ashuelot
River. The drainage area at the dam is 7,163 square
miles. Normal operating pool at the dam ranges from 175
tc 185 feet NGVD. Total storage is 21,500 acre-feet, and
the reservoir length is 19.7 miles,.

4. ASSUMED DAM-BREAK CONDITIONS

a. General. The magnitude of a flood resulting from
the hypothetical failure of Otter Brook Dam is a function
of many different parameters including size of the dam
and reservoi?, size of the breach, initial pool level,



rate of breach formation, channel and overbank roughness
and antecedent flow conditions. Engineering assumptions
of conditions which could reasonably be expected to exist
prior to a failure of Otter Brook Dam and which were used
in the Base Flood analysis are presented below.

b. Selected Base Flood. Parameters and their values
used in the Base Flood profile analysis are given in the
following tabulation:

Pre-breach Flow - Otter Brook, Ashuelot River:
flow resulting from the flood of 21-23 Septem-
ber 1938 after routing through flood control
storage. Connecticut River: peak flow associ-
ated with the modified flood of 18-21 March
1936.

A constant flow rate of 1,500 cfs from Otter
Brook Dam, slightly higher than the maximum
outlet works capacity with the pool at spill-
way crest, was used for this study to provide
computational stability in the numerical solu-
tion technique. This discharge was used only
to provide a valid computer solution; this
does not reflect the normal operational pro-
cedure at the dam. The peak elevation flood
profile resulting from an antecedent flow of
600 c¢fs, the maximum normal regulated dis-
charge, would be almost identical.

Initial Pool Level - Otter Brook Dam: water
surface at spillway crest elevation 781.0
feet, NGVD.

Breach Invert - Elevation 688 feet, NGVD

Breach Dimension - Width = 225 feet: Side
slopes = 2V on 1lH

Time to Complete Formation of Breach - 1 hour

Downstream Channel Roughness - Manning's "n"
values used range between 0.02 and 0,12

Downstream Dam Failure - Due to their small
impoundments and heights all downstream dams
on the Ashuelot River were assumed to remain




intact. Turners Falls Dam on the Connecticut
River was also assumed to remain intact.

5. RESULTS

The resulting peak stage flood profile and the areal
extent of inundation for the Base Flood conditions are
shown on plates 6 through 8. Timing of the peak stage
and leading edge of the flood wave are also indicated on
the plan and prefile. Peak discharges throughout the
study reach associated with the development of the peak
stage profile along with discharge and stage hydrographs
for three stations downstream from Otter Brook Dam are
shown on plate 9. The stations are located 3.3, 12.4 and
29.1 miles downstream from the dam.

The peak dam-break discharge from Otter Brook Dam
would be about 317,000 cfs, producing a rise of about 30
feet above the normal river depth at a point 0.3 mile
downstream from the dam. From Otter Brook Dam to the
beginning of the Keene flood plain, a distance of about
3.3 miles, the peak flow would attenuate to a flow of
270,000 cfs and the river rise would be up to approxi-
mately 46 feet above normal river stage. Just upstream
from Dickinson Dam (river mile 12.4), the peak flow would
reduce to 29,900 cfs with a resultant peak stage of about
10 feet above normal stage. At the Hinsdale Dam (river
mile 29.1), the wave would attenuate to a flow of 23,700
cfs with an attendant maximum rise over normal depth of
about 8 feet. Most of the flood wave attenuation occurs
in the Keene flood plain area between 3.4 and 8 miles
downstream from Otter Brook Dam.

With the conservative assumption of a coincident peak
stage on the Connecticut River due to the modified March
1936 flood event, the rise above normal at the mouth of
the Ashuelot River would be about 31 feet., However, only
about 1.7 feet of this rise would be attributed to the
23,700 cfs flow in the Ashuelot Rivexr. The remainder is
due to backwater from the Connecticut River caused by
Turners Falls Dam and the French King Gorge.

The dam-break analysis was terminated at the mouth of
the Ashuelot River since the water surface elevation
produced from the dam-break flood analysis was less than
the experienced March 1936 high watermarks at this point.



6. SENSITIVITY TESTS

In addition to the analysis under the assumed Base
Flood conditions, subseqguent studies were made to deter-
mine the sensitivity of certain selected parameters on
the resulting downstream flood. These were made by
applying the model to the same data set used for the Base
Flood except that one parameter was varied in each simu-
lation. Following is a listing of the variables used in
the sensitivity testing and a discussion of the results
of each test.

a. Antecedent Flow Conditions, Base Flood analysis
assumed a high flow already occurring in the river at the
time of dam-break. This was considered appropriate since
if a breach were to occur, it is quite conceivable that
it would do so at a time of abnormally high flow condi-
tions. Antecedent flow conditions on the Ashuelot River
were selected to equal the recurring record September
1938 floodflows as modified by the existing system of
Corps of Engineers flood control reservoirs, namely,
Surxry Mountain and Otter Brook projects. At the con-
fluence of the Ashuelot River with the Connecticut River,
the stage associated with the March 1936 flood, as modi-
fied by the upstream Corps flood control reservoirs
{Surry Mountain, Otter Brook, Townshend, Ball Mountain,
North Springfield, North Hartland and Union Village Dams)
was conservatively used.

Specifically, model input data for inflow into Otter
Brook Reservoir consisted of the recessional side of the
natural September 1938 flood hydrograph which was then
routed through the reservoir assuming the pool was
already filled to spillway crest level during the rising
side of the same hydrograph. The initial- and peak inflow
and outflow from Otter Brook Dam's regulating gates were
assumed to be constant at 1,500 cfs. This outflow was
only used to provide computational stability in the nu-
merical simulation technique and does not reflect the
normal operational procedure at the dam. The peak eleva-
tion flood profile resulting from an antecedent flow of
600 cfs, the maximum normal regulated discharge, would be
almost identical.

Inflows from Minnewawa and Beaver Brooks, the
Ashuelot River, Ash Swamp Brook, the South Branch River



and a local drainage area all of which enter 2.4, 3.8,
4.9, 6.1, 8.0 and 23.3 miles downstream from Otter Brook
Dam, trespectively, were also accounted for in the dam-
break hydrograph routing analysis, September 1938 hydro-
graphs for each stream were initiated at their respective
rates coincident with the peak inflow to Otter Brook Dam
and then continued through their accessional and reces-
sional phases as appropriate, for the remainder of the
routing analysis. Peak inflows were 3,500, 1,100, 3,700,
3,000, 9,500 and 1,100 cfs, respectively. Inflows from
the Ashuelot River included the modifying effect of Surry
Mountain Dam.

Antecedent inflow from the Connecticut River basin
below the Ashuelot River confluence was conservatively
accounted for by using the March 1936 peak flow as
modified by the upstream system of flood control reser-
voirs,

The adopted initial antecedent flows and the compara-
tive experienced 1938 and 1936 discharges, as applicable,

 are shown in table 2.

A sensitivity analysis was made assuming lower ante-
cedent riverflows and the resulting comparative flood
stages are shown on plate 10. Discharges occurring prior
to onset of the 1938 flood, which were assumed to remain
constant, were used as the antecedent conditions for this
sensitivity test. As can be seen in the profile, al-
though there is a substantial difference in stage between
the two antecedent conditions, the resulting dam-break
flood profiles show close agreement for the first 4 miles
below Otter Brook Dam, thus indicating there is little
sensitivity to initial flow conditions in the dam-break
analysis in the reach close to the project. However,
from this point downstream the difference becomes greater
with the profile for the dam-break flood with low ante-
cedent flow coinciding with the high antecedent flow pro-
file at about river mile 24. This is primarily due to
the reduced tributary inflow volumes.

b, Breach Width. The breach width was set at 225
feet for the Base Flood analysis. For sensitivity test-
ing, two additional cases were evaluated. As shown by the
comparative profiles on plate 11, the stage dropped by
up to 4 feet in the first four miles downstream from the
dam for a breach width of 150 feet., For a failure width
of 275 feet, the inundation stage was raised up to 2 feet

10



TABLE 2

ANTECEDENT FLOODFLOW CONDITIONS

Adopted Ante-
Location cedent Flows*

Experienced Record Floods

Qtter Brook

Roxbury, NH (inflow
to dam) 6,150

Ashuelot River

Keene, NH (5.1 miles
dowvnstream from
Otter Brook Dam) 3,700

Swanzey, NH (14
miles downstream
from Otter Brook Dam) 10,500

Hinsdale, NH (29.1
miles downstream from

Otter Brook Dam) 11,900

Connecticut River

-Hinsdale, NH (30.0
miles downstream
from Otter Brook Dam) 145,600%%%

Flow Date

{cfs)

6,150 Sep 1938

7, 600%* Sep 1938
16,000%* Sep 1938
16,200%* Sep 1938
192,600%% Mar 1936

* Flow rate at instant of breach initiation

%% Estimated peak flow rate, not simultaneous with
initial Otter Brook reservoir inflow rate.

*%% Tt was conservatively assumed for purposes of this
failure routing that this flow would be occurring
on the Connecticut River simultaneocusly with the
dam failure flood wave reaching the mouth of the

Ashuelot River.
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in the first 2 miles downstream from the dam. These
differences diminished to virtually nothing further
downstream in both instances.

c. Failure Time. The selected duration of the
breach development for the Base Flood condition was one
hour. For sensitivity assessment, analyses were also
made with failure times of 0.5 and 2.5 hours. These
breach development durations resulted in the inundation
stages shown on plate 11. The shorter time for breach
formation resulted in the stage increasing up to 5 feet
in the first 4 miles. 1In the same reach, the longer
failure time caused stages to fall as much as 8 feet. 1In
both instances the ponding in the Keene flood plain and
the dam at river mile 12.5 controlled the flows such that
there were essentially no changes in stage beyond river
mile 5.0 for the alternative durations.

d. 1Initial Poocl Level. While a full reservoir con-
dition (spillway crest, elevation 781 feet NGVD) was as-
sumed for the Base Flood, a test of the sensitivity of
the dam-break flood to initial pool level was made assum-
ing a one-half full pool condition (elevation 735.0 feet
NGVD}) .

The analysis shows that discharge would decrease by
63 percent immediately below the dam., Comparative water
surface profiles are shown on plate 12, Drops in stage
between 10 to just under 30 feet resulted in the first
four miles. From the Keene flood plain to the end of the
study at Hinsdale stage reductions were 2 to 4 feet.

e. Channel Roughness., Sensitivity tests were made
to determine the effect of Manning's "n" value on down-
stream flood attenuation, resulting stages and timing.
Tests were made with Manning's "n" values 10 percent
greater and 10 percent less than that used in the Base
Flood condition, Lowering the channel roughness (smaller
"n" value) resulted in faster movement of the £lood wave
and less attenuation. Increasing the channel roughness
{greater "n“ value) resulted in the reverse occurring,
However, as illustrated on plate 13, the resulting vari-
ations in the downstream profiles were negligible. The
most significant effect of varying the channel roughness
was the difference in timing of the peak flood stage. At
the lower end of the Ashuelot River, in Hinsdale, this
timing varied from approximately 15-1/2 to 17-1/4 hours

12



for the lowest and highest "n" values, respectively. By
comparison, the time of the peak flood stage at Hinsdale
for the base flood is about 16-1/4 hours.

7. DISCUSSION

The dam-break analysis for Otter Brook Dam was based
on the engineering application of certain laws of phys-
ics, considering the hydrologic and hydraulic character-
istics of the project and downstream channel, and condi-
tions of failure. Due to the highly unpredictable nature
of a dam-break and the ensuing sequence of events,
results of this study should not be viewed as exact but
only an approximate gquantification of the dam-break flood
potential. For purposes of analysis, downstream condi-
tions are assumed to remain constant and no allowance is
made for possible enlargement or relocation of the river
channel due to scour or the temporary damming effect of
debris all of which affect, to some extent, the resulting
magnitude and timing of flooding downstream,

13
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REACH C

*HECFORMAT

¥ECHO

XFREEFORMATTED

XCOMFPOSITE

IDyOTTER RROOK TO CONN. R.

INsASHUFLOT RIVER

IN«D STRICKLANI  NED-COE

INLELDNG 115N 424 TRAPELO RD

INYUWAILTHAM MA 02254

10 1059531

11 TPy3sl

12 AI«3700937005s3700,3700537003X7005y3700+370053700,3700
13 BI23700,3700¢3700937004370043700y3700+37005372005X700
14 QI+370043700+3720093700s3700453700¢370043700:3700,3700
15 BTs0s 1 re591+05) 01001 .5924092:523,093.5

16 BT9r4.004.5150.098,0+7:0¢8,0¢2,0+s10,0+11,0+12.90
17 QT +14.0516:0218.0920,0+s23.0+35,0¢47,:0s59,0+71+83
18 SN+SURRY MOMINTAIN DIAM Co

19 SE+S50Ry541s831v021 5112501 +,491 9485

20 S5Ar1100:842+7229580943R+278+8540

21 NNsSURRY MOUNTAIN ItAM

22 DI 56R« G50y s35092,.5r.040+48%

23 NE»12999:200,5,490y .5

24 N0+ 370051082

25 DINSFAUDLKNER ANID COLONY DAM

26 NNsdA765472r94746.0291.5540405464,2

27 DRy 5199299 1305464.,2

28 DR+ O 120022000 65005sBB800+27000:760005200000
29 NHe 02934395429 5:857.9510, 1912

J0 DNsDICKINSON NAM :

31 DRNsra4572456.2y24460,851s5,85.0405443.5

A2 NRy 599992 1679443.5

33 N0 1000270094400 1300017000230000,52000
34 DBHeO» 1229 326.528.,3212+16.5

35 DRNsNEW ENGLANR ROX C0O. NAM

36 DRyAT2 069 rs442.992.52,040:426

37 DRy 5279991031426

38 N0y 323

39 DNsFPURLIC SERVICE CO. IiaM 1

40 DHsy326.:T99 2407, 1»31.79.040,391

41 DRy v S5»?799100, 391

42 Tt0sr» 22 343

43 DNsFPURLIC SERVICE €0. ItaM 2

44 NIy 383,192 9393.7202.8r.0405745

45 DRy . D51 ?927:21005 3643

44 TiDerrr 341

47 INyASHUELOT FAFPER 00O, DAM

48 TNy335.79r9 2343, 5168.69.0405326

49 NR» . 597992100, 324

30 DOryrrrfidé

51 NNTHE CANAL C0D. NAM

92 NI 258,22 v s 26303102 8,040,250

53 NPy .5,999,100+250

54 Iyryry1012
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57
58
a9
60
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62
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&4
65
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68
69
70
71
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73
74
73
76
77
78
79
B8O
81
82
83
84
8BS
B6
8z
88
BY
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92
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74
?5
96
?7
?8
29
100
101
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103
104
105
106
107
108
109
110
11t
112
113
114

NNy HINSIIALE ANIY FTISKE FAFFR CO, DIigM

Nl 224y 99231 .,9+42,.%2y.040,211

IRy s 599991005211

Iy y» e 828

DN USGES GAGE

TN 20320399210, 8:s308,9y.040,203

BAsGs 31,820, 1880534208300 16200,40G000
AHYyO 21239849527 ¢2.69217.79

RNy SURRY MOUNTAIN DaM TO FALHLKNER AND COLONY DAM

RE»1»s—1

RGry1s3sT5+799912
RCr474.025050 .0463

X1s0Wv1934+488
XEF+AB84,488,420,494,505+5146+518+534
XCrSSr120+415,735,825s215,1030,1415

NGy 035,035y, 045,y ,04%, ,045,,045y . 045,045
XI»0.8,3%.14+487

XEr482+4B6+r48BR+492,,5039 514514032

XGOS5 12004105¢ 735482054715+ 1030r1415

NCr 03590359, 045, ,04% 045y 0459, 045y ,045
X1s1,45,32.075485
XEr4B80,485+,4865488,4%0,504+514,530
XCe70r1009s 73018405 1RASyI050234592950

NCs o 035940359 ,0485y,04%5,,045y.,045,,045,.045
XY¥s1.4.793141154832
XE+479+487+484,486+420+ 5300510y 018
XCr38+40,5,1015,1700519%0,2110+224052535

NCry e 035 s 035,040y . 045, , 045, . 045,,045,,045
XI»2+30,862479
XE»477+478748054845,486y500+504,514
XCrG5r 70932099759 1205, 1350140014625

NCr 0359033y 045 o045y , 045,045y 045,045
XT+2.18+30.,.56+481
XE+476+480,482,4845,488+420+4922+ 314
XEvy476¢v4R0y482+484,488,490,492:516
XCrDHsQ09 620+ 660116512204 130051540
NC» 035940355 .0455,045»,0455,045,045,,045
XIvr2:85530.00+480
XEvA75+ 476148054849 490+,494,500+515
XCyB80r 1453102780, 2701290,1420,2080
NCr o 0359 s 0355 045,045, . 045, .045+.,045,.,045
XI92.87229.572477
XErA74+547694782480:482+490+495500
XCraOs 110226024209 43556601680:2700
NCy v 035,035 s 0439, 04% , 045,045y ,04%5,.045
XT23.35:28.,87-480

XE 473547614804+ 482:4861470+495 500
XCsB0s100y2159625%y830s830,830,8320

XOr0s 0005049017204 2680

NCy o O35 035y, 045y, 045,040+ 0405+ ,04%5y,045
XIs3:9928B.719479
XEs472:69475+478+4B0,485,4904495,500
XCr&B0+709205,1240514005,1400,1400,1400

XOs 0200500y 1430:311034000

NCry o025 025,040,040 .040,y,040,.,040,,0G40
XT»4,05:27.8,475
XEvsA72.39v4A74+4746¢478+,484+,4%0+492+498

XCr 120912591080+ 1800 1260124051260 1%40
XO0r0sQs Q00 280,48054600

NGy o Q259002590405 ,040, ., 040y ,0405.040,.040
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115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
134
137
138
139
140
141
142
143
144
145
144
147
148
149
150
151
182
153
154
155
156
157
158
159
1469
141
162
163
164
165
166
167
168
1469
170
171
172
173
174

XIs4.527.399475

XEesdA72+474+4769478v480:482 2486500

XCr1B09 2204202042760, 280052900,290042900
XO!O!O!O!O!O!OPI?O.rIWOO

NCs o 0259 40259.0404,040+,040,,040y.,0405.040
XCATEGORICAL

XMsr o 250 0280 200 42000200259 0289 o 259,25y 25

KM + 259,25

ACOMPOSITE

ENyFAULKNER ANTI COLONY HAM TO HICKINSON DAad
RFslys—1

KGr1ls4s5y8+9214

RC»A360.85-0,14698+40000,.06463

X1v4.,65927.18+471 '
XEr464.29470¢472+474r4749478r480+ 500
XCr125s230+345s47092600+¢ 2600526002600
X0r03090:0,1873+4704546950,7340

NF!.O,-..O! 00’,01001 ' 0035! 00357 0035? 00357 003?!
X¥r5.08:26.:599471 ’ 7
XFEr444.,1+470+472+473+47454764801500

XCry108 2 1354059715207 207120712071
X0r050305050,19735,1030%,11459

NCr 0209 .020y,03%y 035,035,035y .035,,035
XIs35420926:469470 '

XE 146454869 54701472rA749476+480+500

XCrb0sBOy 140993026959 2695 926902693
XBry0s05030Q0s 034600104555 11655

NCy e 020y 00209 0020y 00y, 035,035, 035y ,035
XIsD.69»20.735447 .
XErd460,2946467r4468+469+470+472,4802500
XCr&0985y55071520,241052410¢241092410
X3r0s020509051216,9528+11368

NCy 0209 .020y,035 v.03J7¢01;1-035!.03:!.OXJ
ANsS.69s » THE BRANCH

Q2093272959 286604 2295659y 23BAI0y1BO740, 72580274721 4430411570
BEL s 1132415055, 10705104155 10300100205 2740+9455,2060086645
Qls79290s7130,49806875:6740:4500y040036340»632026300
XIsGeB4925.627464 _
XEs440,1+482r466248By472¢4769480:500
XCrb60+709430516105240042400230092400
XOsOsOQ0s0»091847»T123»7R00,52450
NF!QO’)O!QO"O’OO“‘ Ty 0035! 0035! 003'5’ 0035! 0035
X1sH+4925:0594A5

XFEr4460+4462+464y 466!467!470!480!g00

XCr70s20:s 110211601240, 1968,1968+19468

X002 0090y Q0243293224
Nr!00°0700“07¢0”0!»0?ur.01'!.0317.013y.03q
ANs& .49 2ASH QNAﬂP EROOK + LOQCAL

. r744,3000y295052900: 2890428503 2800275052700, 2600
GI1?q001?4401°3809”3007“”00!“100!“000,1900!1800!1700
ALy 150051400, 1200511009200s530054005,300,5,250200
X137 e75923.7+456.5
XEr452.7+4503.2+456.5+4405470y471 94802500
XCe2095051002200929409294052940y2940

X020 005030 1300,33140,3510 .

NCr o020y ,0205,0205,035,,035,.035,,035,.,035
X1»8,43y23.02+441

XEr452 ., 61453429461 +462,470+471 480,500
XCy20s809130180053000,53000,30060,3000
X0sOs02050+:091330:211G52400
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HEs o 0204 ,0202 020,035,030, ,.035y,035,.,035
AN»8+43y»SO0UTH RRANCH

QL 3482200028450 8300982304 795017600+ 7250546F00+68650
R 16400542004 6000¢sSRBOGINEODsS400,5200s5%00074830054500
AL 4000,356002320052900y2300,1400,10005800,600500
XIF901!22035?466
XEr4G2,1,4533,466:476480,4845485, 486
XCe02B0,180+58B0,102091240,145091540

NEr 020902020205 ,03%2,0357 035,035, .035
XI!?|43!9290?!45305
XE+452vA453r403 . 9v456 7406, T+460+485,500
XCr30:860120180,250,340,2180+3070

NCr e O202,0209,020y,03% 035,035y .035%9.,035
XI992.67921.78+4546.5

XE+A50,2+A51 .5+4546.5,480+4B1+482¢5005500.,1
XCr Q7021301301690 19220,2400,52500

NCy 0209 ,0209,020y 020,035y ,035,,033,.03%
XTs10,3921,35,452
¥Er450,1+450,.50452¢4460¢480+482¢500,500,1
XCr0245,80,200,870+1260,3000,30001

NCr 020,020,020y 035,033y .0359,035,.035
X1»312.33519,.12»459,5
XEr448,6+s449 . 75v452.574480+s480+480.1:4%20+ 500
XCr Q2701309210 1270,20802120+3500
NC,OOQ0,0020,0020’9035!0035’0035’0035’0035
XIr13.14518.31»454.,5
XEr448,5+450.3+454.59469546%9.1+1485.7+488,500
XEr20+5091355150+340,250+185052200

NEr e OZ20r 40204 ,0209 ,03%» ., 035,035 ,035,.,035
XCATEGORTICAL
XM’025’0?5’025’025’025,0?5,0?5?0?ﬁ,0?5"?ﬁ
XM’O?S’ORS,ORS,ORS

¥COMPOSITE

RNsTRIICKINSON DAM TO NEW ENGLANID ROX CD. DaM
RPslsrsr—-1

RCr442,.990,0, .25

RGy 1229355968

X1213,19+18.26+447

XE2443 ., 49 446+447 s 44609441 y4B0,4874500
XCr0r1504 1681800101020, 20002500

NCr 0309 ,0305,030y.0405,0405.040,.,0405,040
XIy13.4,18.0055444

KEr440,8:,44374445407 4609470473 +476

XCr Q027091305 180,520,880,1130,2200

NCr 0305, 030y ,0305.,040,,0402,040,.,.040y.040
XTr14.,41,17.:04>447.,.5
XEv437.39437 79447 . 5+452,.51405.5¢v4609470+485.6
XCr0r20:1005150,1300,2820,3370693650
Nﬂ!0030!&030’0030!0040!9040)0040!1040!'040
XXv1D,66015.79+4473
XE+435+4369442y4435460+441 94739483 ;
XCr1T5+850¢20s140y320+430+850+1025

NC» 030,030,030 .040s,040;.040y,040+,040
XI»16.53514.925437
XEsA431,43454351437+4419455+4401475
XCr»15945,65590 135250510350, 1380

N2 025,025,029+ .,035 ,035¢,0359,035s.034
XI9y20.39911.08+433

XEr429+430+431 9433944624002 4609480
XGr159459752 105,540, 2300,3080y5803
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235
236
237
238
239
240G
241
242
243
244
245
244
247
248
249
250
251
252
253
254
295
256
257
298
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260
261
262
263
264
265
2664
247
268
269
270
271
272
273
274
275
2764
277
278
279
280
281
2872
283
284
285
286
287
288
289
290
291
292
293
294

NC’OOZS’!OES’QO?ﬁ’!O35!G035’0035’0035’O035

XI1»s20.73510.729433
XE»428,9+,430+430,52s43354449453+,4460480
XCr102407051005,180y46959 1460093168

NG o 025,025,020, . 035, 0359, 035,035y ,035
XT923,:,1698.299432
XErsd4265A27 4289432y 4469447 545604480
ACs053598605315,120,410,144051650
NF!.O?S!.O?G’o0357.03J1o0301.03ur'Ozsvo03u
XCATEGORICAL

XMy o 25 0 2803259 252020002502 o259 2
¥CONBFORITE

RNy NEW FNGLANT ROX CO. DaM 10 Py 5. GO, ItAM 1
RFslyrs—1

RCed407 4120904 .25

RGy2r39v495967

XI! X;ff18.23y428
KErA25,99427vA28/,4421443,450+440 1480
XCs0r2021004210s235573051476G:1640

NCr 020, ,0209 0202 ,035%y 035,035y ,035,.,034%
XT923,4697,.999424
XE»421.93422+423148267443984614521487

XCrOr 15,5580 115%,700y1040,31350
NC!004010040!0040!t060!00609006070060!0060
AN»23.,46+1L.OCAL SWANZEY T0O HINSRALE

QL 112319200870 ¢B50¢B845¢820+800+775¢700+725
ALy 7002690880880 145859625r810:4600586004590
QL!5007?00!480!450!400!300!?q0y?00r3“0;100
RL 15015042002 8005200041100,51001000,750,700
le600!4001300r G000 150100
XTv23:.9627.,495437

XE 421 ,854209430,437 9439144394460 :5500
XCs8B6+1135133:153,28077052640:3000
XOr0y0s 09090024224+ 4392

NCy 040y, 040,040+ ,080s 050,040y ,060s,060
X1y24,46146.995425

XEvA21 7942314259440 48604460,19460.224460,3
XCrOr P62 130+BA0s1R404,184051840,1840

NCr 040 . 040,080 :060r,0805,080r.060,y,0860
X126 1795,282422
XE!4?0!4??!435!44J94d0!400¢1!400o2r4d0;3
XCrP8y A5G 2B BIAB P77 297799772977
NFI.O40!00AO!0060!0060!006070060!106070060
XI»26.,2295.,.23+419

XF!4171419!4 20947 ‘3!430!4359400!4 5041
XCs2291199 170+ 195,280,370+480,4680

NGy 0409, 0609, 080y 080,060,080y ,080,,060
XI126.994.585»396
XEr394+395y39654082411:,440+440.1,440,2
XCr1596B8s90v181+294:02655262524

RHCr» 040,040y, 060y .0860,060y.060»,060y,060
¥CATEGORICAL

XMy o 12590120 01259 0 1259 412 u!ol 594129
XCOMFOSITE

RMsF, 8§, CO. T1AM 1 TO AWM 2

RFsisr—1

RCe393+790909 .25

RGs1,2

X1r26.92+4.,53+393
XE+39193923+394+400+411,4342,434,11434,2
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295
2946
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
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315
314
317
318
319
3320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
334
337
338
139
240
341
3472
343
344
345
344
347
348
349
350
351
352
353
354

XCe232r 1005 1582423719511 +511011

NGy 040, 0504, 0505 .050+, 050y 050y ,050,,050
XT»27.,4993,.96y382

XF 3794382386400, 400,1,400.2¢400,3,4006.,4
XCr 34y 1285349y 500:506G15005005560

NCra 040y , 0505 ,0505 050,050 ,0%0,,050,5,050
¥XCATFEGORICAL

XM 05,05

XCOMFOSITE

RNeF, S, 0D, DAM 2 TD ASHUFILDT FAFER C0O. DAM
RFslyry—1

RCy3AZ, 59005, 25

RGris2

XIr27:.5193.945348

XF 3675368y 375:400,400.,15400.2+,400.3+r400.4
XCr 7862295 1525504,5045504,504:504

NCy . 040y, 050+, 0%50y 050y, 050y, 000y, 050y .,0850
XI928,1953.262342

XEs32B23429371 9371 .15371,.2:371 4337145371, 5
XCe325122,4009400¢400,400+4005400

NCr» 040, 0850y .080,.030y 1050 ,050y .050y,050
¥CATEGORITCAL

XM’GOS’QOS

XCOMPOSITE

RNyASHUFLDT FAFER C0O. T1aM T0O THF CANAlL CO. LAM
RFPr1ry-1

RCey243+3+0+0y .25

RGy1:2

X1s28,2+3.25,350

XE+32 6!3!07371137101!3710.!371 Jr371,45,371.5
XCr 1079230530023 005300:300,300,300

NCr o040,y 060y .060r.060y.,0860y.060y.,0802,0460
XI29.072.38:2244

XEr243 52442459 24392759300 300, 143002
XCrs609yPB+1239 179530204724 4729472
NC!@O#O:»O407.060;o060ro060:.060;.060!.060
XCATEGORTCAL

XHIQOﬁ!OOS

XCOMFOSITE

RNy THE CaNal. €O, TtaM T0 HINSDALFE FAFPER 0. DAM
RFEslyr—1

RCr23149+0+0» .25

RGr1:2

XI! 9 09!4l36!?5?
XE»2819252s2605300300,15300.,2+300,3,300.,4
XCr173835 158y 3720375375375+ 375

Ny 0405 ,040y ., 060,080y 060,080 ,060y,05860
XT129:+85s1.63:224

XEs2200 2240269228235 250:2050.12250.2
XCr47+1704178,181+202+4680+46805880

NCy o040, , 0605, 0809 ,0607r.080r.,0480,y,.060y,040
¥CATEGORICAL

XMy + 0579 ,05

XCOMFOSITE

RNyNDWNSTREAM FROM HINSDALFE FAFER C0O. DAM
RFPsisr—1

RCs210.8:0+Q9 .25

RGy1:2

X1e29.8391,625212

XEs210+ 2122182250250, 1y250.2s250,3+250.4

Plate 141



355
356
357
358
359
360
361
362
343
364

XCsP79 1107173162058 20562096309620

NECr o 040y, 0601, 0605 .0605,0605.0609,080y,060
XI»30:,0151,44,210

XE 220352059210 215:220¢223¢ 2309240
XCr27:1102140917% 440,535 ,575,915

NCs e 0405, Q0804 .0805,0805,060y,0605,086045,040
XCATEGQORICAL

XHsr o 059 . 05

XCOMFOSITE

77
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